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TYRE REMOVAL TOOL FORA TYRE
REMOVING MACHINE AND A TYRE
REMOVING MACHINE

BACKGROUND OF THE INVENTION

The object of this invention is a tyre removal tool for a tyre
removing machine and a tyre changing machine equipped
with such a tool.

The invention relates to equipment for tyre service special-
ists and, in particular, to tyre removing machines, that is,
machines for removing tyres from wheel rims.

Usually, these tyre removing machines are also used to fit
the tyre to the wheel rim.

In light of this, the invention also relates to tyre changing
machines for fitting and removing tyres to and from the
respective wheel rims.

Whatever the case, for brevity, the term “tyre removing
machine” will be used to also denote tyre changing machines
which can fit tyres in addition to removing them.

The tyre removing machine comprises a rotary support,
also known as “turntable”, for the wheel.

The tyre removing machine also comprises a frame to
which an arm is movably connected in order to move towards
and away from the wheel positioned on the rotary support.

The tyre removing machine further comprises a tyre
removal tool connected to a free end of the arm. More spe-
cifically, the tool has a first end which is connected to the arm.

The removal tool has the form of a lever and is adapted for
insertion between the tyre bead and the edge of the wheel rim
to facilitate extraction of the bead from the rim during
removal of the tyre from the wheel rim.

It should be noted that even when the tyre is being fitted to
the rim, the tool (which for convenience will nevertheless be
referred to as “removal tool”) is inserted between the tyre
bead and the edge of'the wheel rim to facilitate insertion of the
bead into the rim.

More specifically, the procedure commonly followed to
remove a tyre from a respective wheel rim is as follows.

First of all, the tool is positioned near the tyre bead. The
tool is then inserted between the edge of the wheel rim and the
tyre bead by moving the tool towards the wheel rim. This
movement preferably occurs in a direction parallel to the axis
of'the wheel rim, which corresponds to the axis of the wheel.

At that position, the tool is moved in such a way that a
second end of it grasps a portion of the bead.

Next, the tyre bead is extracted from the wheel rim by
moving the tool away from the wheel rim. This movement
preferably occurs along a direction parallel to the axis of the
wheel rim itself.

Preferably, once the bead has passed the edge of the wheel
rim, the bead is moved towards the axis of the wheel rim. This
reduces the mechanical stress applied to the bead during the
subsequent stages.

Next, the wheel rim is set in rotation about its axis while
keeping the bead out of the wheel rim.

When removing the tyre from the wheel rim (and more
generally speaking, when fitting and removing it), the follow-
ing are the three requirements to be met:

1) simplifying the operator’s work by reducing the effort
required of, and the direct action to be taken by, the operator;

i1) limiting the risk of damaging the tyre;

iii) avoiding damage to the wheel rim.

As regards the risk of damaging the tyre, the need to reduce
the mechanical stress applied to the tyre bead when the bead
is held in the extracted position has been known for some
time.
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In light of this, several technical solutions have been devel-
oped where the above mentioned operations have been sub-
stantially automated with the aid of user-operated actuators.

Patent document EP1177920 in the name of the same
Applicant as this invention describes an automatic tyre
removing machine where the tool is pivoted to the arm in such
a way that it can oscillate between two or more operating
positions.

In particular, when the tool is inserted between the edge of
the wheel rim and the tyre bead, the removal tool is oriented
in a first operating position relative to the arm. When the bead
is extracted from the rim, on the other hand, the removal tool
is oriented in a second operating position relative to the arm
(rotated relative to the first operating position).

The rotation of the tool relative to the arm (from the first
operating position to the second and vice versa) is carried out
by an actuator, which the user must operate at the right
moment and which is designed to reduce the mechanical
stress the tyre bead is subjected to when it is in the extracted
position.

Further, also according to the teachings of EP1177920, the
second end of the removal tool (that is, the free end) is hook
shaped. This allows the tool to grasp the tyre bead when the
tool is inserted between the bead and wheel rim.

This solution has three disadvantages, however.

A first disadvantage is due to the fact that inserting the
hook-shaped tool between the edge of the wheel rim and the
tyre bead creates the risk of damage, at least to the bead.

A second disadvantage is that the machine is complex and
although it allows the user to save physical effort, it never-
theless requires a great deal of care and skill of the user to
control riot only the movement of the arm (and of the tool
connected thereto) but also the movement of the tool relative
to the arm.

A third disadvantage is the complexity and high cost of the
tool drive system, which is made up of several different parts.

Patent document EP1593533, in the name of the same
Applicant as this invention, is an example of an improvement
to the technical solution provided by patent document
EP1177920. In effect, EP1593533 proposes a technical solu-
tion where the tool is connected to the arm by a kinematic
mechanism (more specifically, a four-bar linkage) which
guides its movement according to a predetermined path.

This simplifies the user’s task since there is no need for
combined operation of the actuator which moves the arm (and
the tool connected thereto) and the actuator which moves the
tool relative to the arm, and all the user has to do is to operate
an actuator which drives the tool through the agency of the
kinematic mechanism, thereby obtaining a tool movement
along a trajectory which reduces the mechanical stress
applied to the bead when the bead is being extracted and when
it is in the extracted position (during the subsequent step of
rotating the wheel rim).

Nevertheless, patent EP1593533 still has the disadvantage
of creating a significant risk of damaging the tyre bead (and
even the edge of the wheel rim) when the hook-shaped tool is
inserted between the rim edge and the bead.

Another example of a tyre removing machine is described
in patent document EP1714807B1, which proposes a techni-
cal solution which is a variation on the use of a four-bar
linkage for connecting the tool to the arm.

In a first embodiment, the tool (which is still an elongate
element having a hook-shaped end) is hinged to a lever which
is in turn hinged to the arm.

In this case, tool movement during the steps of insertion
and extraction is controlled by turning this lever.
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In a second embodiment proposed by patent
EP1714807B1, the tool is pivoted to a slot formed on the arm
so as to be able to roto-translate relative to it.

Nevertheless, even patent EP1714807B1 has the disadvan-
tage of creating a significant risk of causing damage to the
tyre bead and certainly also to the edge of the wheel rim
(which the tool has to rest on) when the hook-shaped tool is
inserted between the rim edge and the bead.

Patent document EP1459913 discloses a device for mount-
ing and demounting tyre which has the drawbacks mentioned
above.

SUMMARY OF THE INVENTION

This invention has for an aim to provide a tyre removal tool
for a tyre removing machine and a tyre removing machine
that overcome the above mentioned disadvantages of the prior
art.

More specifically, it is an aim of this invention to provide a
tyre removal tool for a tyre removing machine and a tyre
removing machine that reduce the risk of damaging the tyre
and the wheel rim without adversely affecting the simplicity
of the machine and its ease of use.

A further aim of the invention is to provide a tyre removal
tool for a tyre removing machine and a tyre removing
machine that are functionally effective and at once simple in
construction and inexpensive.

A yet further aim of the invention is to provide a tyre
removing machine that is particularly simple in construction
as well as easy to use.

These aims are fully achieved by the tyre removal tool and
the tyre removing machine according to the invention as
characterized in the appended claims.

More specifically, the invention relates to a tyre removing
machine comprising:

a rotary support for the wheel, whereby the wheel can be

fixed to the rotary support;

an arm which is movably connected to a frame (ata firstend

of the arm itself);

aremoval tool connected to the arm (at a second end of the

arm itself).

The tool has a first and a second end. The first end is
connectable to the arm. The second end is a free end for
interacting with the tyre.

More specifically, the invention relates to the removal tool
for extracting the tyre from the corresponding wheel rim.

The tool comprises an elongate body having a first end
which is connectable to the arm (which supports the removal
tool itself) and a second free end. The first and second ends of
the body correspond to the first and second ends of the tool.

According to the invention, the second end of the tool has
a fingernail (i.e. a member which is shaped substantially as a
fingernail, i.e. as a lug) which is movable between a first
operating configuration, where it projects in cantilever fash-
ion from the tool body to define a hooked shape, arid a second
operating configuration, where it is tucked in a lateral zone of
the tool body, to give the tool a hookless shape (that is to say,
a substantially tapered, or wedge-like, shape designed to
facilitate, or at least not to hinder, the insertion of the tool
between the tyre bead and the edge of the wheel rim).

This advantageously makes it possible to reduce signifi-
cantly the risk of damaging the tyre and the wheel rim when
the tool is inserted between the tool and the edge of the rim,
without reducing the efficacy of the removal tool in seizing
(or grasping) the bead.

Quite the contrary, the fact that the second end of the tool
can be deformed from the second operating configuration,
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where it is tapered, to the first operating configuration, where
it is hook shaped, and vice versa, makes it advantageously
possible to increase the size of the portion (fingernail shaped
member) positioned in cantilever fashion to form the hook
shape (without the risk of damaging the tyre or the wheel rim),
thus further increasing the efficacy of the tool in grasping the
tyre bead.

It should be noted that the removal tool is configured in
such a way that when it is in the first operating configuration,
the body and the fingernail shaped member form a seat, that
is, a bracket (which forms the hooked shape) designed to
support and retain a portion of the tyre bead abutting the
surface (substantially L.-shaped) joining the fingernail shaped
member to the tool body).

It should be noted that the removal tool is preferably
designed to also fit the tyre to the wheel rim.

It should be noted that the scope of this invention is not
limited by the orientation of the axis of rotation of the
machine’s rotary support, which may be vertical relative to a
supporting surface of the tyre removing machine itself (the
solution typical of machines designed to remove tyres from
relatively small wheels) or horizontal (the solution typical of
machines designed to remove tyres from large-sized wheels),
or which may have any other orientation.

It should be noted that the body of the removal tool pref-
erably has the form of a shaped rod.

Preferably, in the second operating configuration, the fin-
gernail shaped member is placed against the tool body.

For example, in the second operating configuration, the
fingernail shaped member is folded onto the tool body; or the
fingernail shaped member is withdrawn into the tool body.

Alternatively, in the second operating configuration, the
fingernail shaped member might also be positioned in such a
way as to form an extension of the second end of the tool body.

The removal tool preferably also comprises movement
means for moving the fingernail shaped member from the first
operating configuration to the second and/or vice versa.

It should be noted that at least a part of the movement
means can be associated with the tyre removing machine (that
is, that they are not necessarily mounted on the tool or con-
nected to the body of the removal tool).

Generally speaking, the tyre removing machine according
to the invention comprises movement means for moving the
fingernail shaped member from the first operating configura-
tion to the second and/or vice versa.

The movement means can be embodied in several different
ways according to the invention: in particular, the movement
means may be completely passive, partly passive and partly
active, or completely active. If the movement means are
active, they may comprise a single-acting or a double-acting
actuator.

For example, the movement means might comprise an
elastic element (for example, a spring) operating on the fin-
gernail shaped member to force it into the first operating
configuration or into the second operating configuration
when there are no external forces applied to the fingernail
shaped member.

If the elastic element operates on the fingernail shaped
member to force it into the first operating configuration
(where the tool is hook shaped), the movement of the finger-
nail shaped member from the first operating configuration to
the second occurs by interaction of the fingernail shaped
member with the tyre when the tool is inserted (between the
tyre and the wheel rim).

Thus, in that case, when the second end of the tool is fully
inserted between the tyre bead and the wheel rim (and is
therefore no longer in contact with the tyre), the fingernail
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shaped member automatically returns to the first operating
configuration under the action of the elastic element. There-
fore, in the subsequent extraction step, the tool is hook
shaped.

If the elastic element operates on the fingernail shaped
member to force it into the second operating configuration
(where the tool is tapered), the movement of the fingernail
shaped member from the second operating configuration to
the first occurs by interaction of the fingernail shaped member
with the tyre when the tool is extracted, that is to say, when the
tyre bead is grasped by the tool.

In that case, the tool is preferably shaped in such a way that,
in the second operating configuration, the supporting surface
of the fingernail shaped member, projecting from the tool
body, faces in the opposite direction to the direction of tool
insertion (that is, it faces the side opposite the free end of the
tool itself). In this case, in the second operating configuration,
the tool is wedge shaped.

Thus, when the second end of the tool is positioned com-
pletely between one of the two tyre beads and the wheel rim
arid is moved away from the other tyre bead, the fingernail
shaped member returns automatically to the first operating
configuration since the supporting surface comes into contact
with the tyre bead, which forces it to move (open) against the
action of the elastic element.

In the above mentioned examples, the movement means
are passive since they comprise, preferably, only the spring
(that is, the elastic element).

The adjective “passive” referred to the movement means
indicates that the movement means operate automatically in
response to the external stresses applied to the fingernail
shaped member arid do not need to be activated (or rather they
cannot be activated) directly by the user with a remote con-
trol.

Alternatively (or in addition), the movement means might
comprise an actuator able to be remotely operated b the user,
for example a pneumatic actuator.

In this case, the movement means are at least partly active.

If'the actuator is a single-acting one (for example a single-
acting pneumatic actuator), it is operatively connected to the
fingernail shaped member to move it into the first operating
configuration or into the second operating configuration.

If the actuator is a single-acting one, it preferably acts in
conjunction with an elastic element (for example like the one
described in the above examples).

Alternatively, the actuator might be a double-acting one
(for example, a double-acting pneumatic actuator. In this
case, the movement means are completely active.

It should be noted that “single-acting actuator” means an
actuator which defines only one stable position (of a control
element, such as a piston for example) whereas “double-
acting actuator” means an actuator which defines two stable
positions (of a control element, such as a piston for example).

It should be noted that the movement means by which the
fingernail shaped member is moved (from the first operating
configuration to the second), might comprise a shape memory
material. For example, at least part of the fingernail shaped
member and at least part of the tool body might be made of'a
shape memory material (or a smart material).

It should also be noted that the fingernail shaped member
might also be movable between more than two stable operat-
ing configurations.

Preferably, the fingernail shaped member (that is, the tool
portion which is movable to determine a reversible deforma-
tion of the tool from a tapered shape to a hook shape and vice
versa) is pivoted to the tool body so as to rotate about an axis
of rotation.
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It should be noted that the tool body, or the end portion of
the tool body, is elongate along a longitudinal axis.

In light of this, the fingernail shaped member is preferably
pivoted to the tool body so as to rotate about an axis of rotation
which is transversal to the longitudinal axis (that is, an axis of
rotation included in a plane perpendicular to the longitudinal
axis).

Preferably, the fingernail shaped member is pivoted to the
tool body at a portion of the tool body proximal to the second
end of the tool body (that is, the free end).

That way, the free end of the fingernail shaped member
(opposite the end of the fingernail shaped member which is
pivoted to the tool body) is proximal to the first end of the tool
body, when the fingernail shaped member is in the second
operating configuration (where the fingernail shaped member
is folded onto the tool body) compared to the end of the
fingernail shaped member pivoted to the tool body which is,
instead, further away from the tool body when the fingernail
shaped member is in the second operating configuration.

In other words, when the fingernail shaped member is in
the second operating configuration, the end of it hinged to the
tool body and the free end portion of the tool body (that is, the
portion of the tool body furthest from the first end which is
connected to the arm) are substantially aligned (along the axis
of'extension of the tool body). In this configuration, the end of
the fingernail shaped member which is hinged to the tool body
is preferably interposed between the free end of the fingernail
shaped member itself and the end portion of the tool body.

This has the advantage of hindering the penetration of dirt
in the gap between the fingernail shaped member and the tool
body. Another advantage is that it makes the tool particularly
suited to be controlled (with reference to the movement from
the first operating configuration to the second) by passive
movement means (for example an ordinary spring, a magnet
or the like) in a totally automatic manner.

Preferably, the body of the removal tool comprises a con-
tact surface against which the fingernail shaped member abuts
when it is in the first operating configuration (where the
fingernail shaped member projects in cantilever fashion from
the tool body).

This contact surface defines a stop, that is, a mechanical
constraint, which prevents further movements of the finger-
nail shaped member away from the first end of the tool. More
specifically, the mechanical constraint is configured to pre-
vent further rotation of the fingernail shaped member in an
opening direction (the opening direction is that in which the
fingernail shaped member rotates when passing from the
second operating configuration to the first operating configu-
ration).

This has the advantage of making the tool particularly
robust, increasing the ability of the fingernail shaped member
to support the mechanical stresses applied during extraction
of'the tyre bead.

According to another aspect of the invention, attention is
drawn to the following.

The removal tool is rotatably connected to the correspond-
ing arm of the tyre removing machine so as to oscillate about
an axis of rotation which is transversal to the longitudinal
direction of extension of the tool itself.

Itshould be noted that (when the fingernail shaped member
is in the first operating configuration) the tool defines a por-
tion (that is, the fingernail shaped member) which projects in
cantilever fashion from the tool body. Thus, this cantilevered
projecting portion (that is, the fingernail shaped member) is
oriented in a direction which is transversal to the longitudinal
direction of extension of the tool (more specifically, of the end
portion of the tool body).
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Inlight of this, it should be noted that the axis of rotation of
the tool relative to the arm is perpendicular to the longitudinal
direction of extension of the tool and to the transversal direc-
tion along which the cantilevered projecting portion (that is,
the fingernail shaped member) is oriented.

More specifically, the removal tool is articulated to the arm
at a single hinge point.

This hinge point is fixed relative to the arm.

Between the second (hook shaped) end of the tool and the
hinge point, the tool does not have any other articulations or
hinges.

The removal tool is connected to the arm in such a way that
it can oscillate between at least a first and a second operating
position.

More specifically, the tool (the first end of the tool) is
connected to a second end of the arm, whilst a first end of the
arm is connected to a frame of the tyre removing machine.

Operating between the removal tool and the arm there are
biasing means for forcing the tool to return to the first oper-
ating position when there are no external forces applied to the
tool.

These biasing means comprise, for example, an elastic
element (such as a spring).

This invention therefore provides a removal device com-
prising:

an arm which is connectable to a frame of a tyre removing

machine;

a removal tool articulated to the arm.

According to this second aspect of the invention, the
removal tool is rotatably connected to the arm at a single
hinge point which is fixed relative to the arm, so as to oscillate
between a first operating position and a second operating
position. The device also comprises elastic means operating
on the tool in such a way as to force it to move to the first
operating position when there are no external forces applied
to the tool.

In light of this, it should be noted that the invention also
provides a tyre removing machine comprising the removal
device, that is, a tyre removing machine comprising

a rotary support for the wheel;

an arm connected to a frame;

a removal tool articulated to the arm,

where the removal tool is rotatably connected to the arm at
a single hinge point which is fixed relative to the arm, so as to
oscillate between a first operating position and a second oper-
ating position; the device comprises elastic means operating
on the tool in such a way as to force it to move to the first
operating position when there are no external forces applied
to the tool.

An advantage of this technical solution is that the tyre
removing machine (and in particular the removal device)
which it provides is particularly simple in construction and at
the same time is able to reduce the mechanical stresses
applied to the tyre bead during extraction, thereby simplify-
ing the user’s task.

In effect, the tool is inserted between the tyre bead and the
wheel ream by simply operating on an actuator (for example,
an actuator adapted to move the arm relative to the frame).

The biasing means ensure that the tool is kept in a correct
position, without interfering with the edge of the wheel rim
and thus without the risk of damaging the wheel rim. The
biasing means also ensure that when the tool is inserted
between bead and rim, it is positioned correctly relative to the
bead and grasps the bead with its hooked end.

When the tool is in the bead extraction position (where the
bead portion grasped by the removal tool is distal, that is,
away, from the other bead of the tyre) the tension the bead
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itself is subjected to overcomes the resistance of the biasing
means, so that the tool is inclined at an angle and automati-
cally moves to the second operating position.

In the second operating position, the bead is located above
the wheel rim but at a position close to the wheel axis so that
the mechanical stress it is subjected to is reduced.

The advantage of the technical solution just described lies
in that fact that the operations described above (with refer-
ence to the movements of the tool and tyre bead) are per-
formed without the intervention of the operator, that is to say,
automatically, and by means of a device which is particularly
simple in construction.

It should be noted that the second aspect of the invention
(regarding the fact that the tool is pivotally mounted relative
to the arm, with interposed biasing means) is applicable to a
tyre removing machine (or to a removal device) regardless of
whether or not the hooked end of the tool is deformable
(according to this invention). In other words, the second
aspect of the invention is applicable both to a tyre removing
machine (orto a removal device) having a removal tool whose
second end is deformable (as described above) and to a tyre
removing machine (or to a removal device) having a removal
tool whose second end is not deformable (as in the example
illustrated in FIG. 12).

As regards the operating position of the removal tool, the
following should be noted.

Preferably, the first operating position of the tool is such
that the tool is operatively oriented according to an axis which
is parallel to the axis of the wheel or inclined at an angle
towards the inside of the rim (that is, the tool is oriented in
such a way that the second end of the tool is closer to the
wheel axis than the first end of the selfsame tool).

The second operating position of the tool is such that the
tool is operatively oriented according to an axis which is
inclined at an angle towards the outside of the rim (that is, the
tool is oriented in such a way that the second end of the tool
is further from the wheel axis than the first end of the selfsame
tool).

It should also be noted that this aspect of the invention is
advantageously combined with the main aspect of the inven-
tion, and that is, the fact that the second end of the tool is
reversibly deformable from the first operating configuration
(hooked position) to the second operating configuration
(hookless, or tapered, position).

Indeed, combining the movement means of the fingernail
shaped member with the tool biasing means makes the
removal device (that is, the tyre removing machine) particu-
larly simple in construction arid easy to use, and also mini-
mizes the risks of damaging the tyre and the wheel rim.

Furthermore, this invention also provides a method for
removing a tyre from a respective wheel rim.

The method entails the use of a tyre removing machine as
described above, and more specifically, a tyre removing
machine comprising a rotary support for the wheel, an arm
having a first end which is movably connected to a frame, and
a removal tool having a first end which is connected (prefer-
ably pivoted) to a second end of the arm.

The method comprises the following steps:

inserting at least a second end of the tool between an edge

of the wheel rim and a tyre bead (preferably with the
removal tool in a first operating position relative to the
arm, by moving the arm towards the rim);

extracting the tyre bead from the wheel rim (preferably

with the removal tool in a second operating position
relative to the arm, by moving the arm away from the
rim);
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rotating the wheel rim about its axis while keeping the arm
in a position where the tyre bead is extracted from the
wheel rim.

According to the invention, between the step of insertion
arid the step of extraction, the second end of the tool is
deformed from a second operating configuration, where it is
tapered, to a first operating configuration, where it is hook
shaped.

The expression “second end of the tool” means the portion
of the tool which abuts against the portion of the bead which
is grasped by the tool during the step of extraction.

Preferably, the deformation of the second end of the tool
from the second operating configuration to the first occurs
automatically by interaction between the tool and the tyre
bead in the step of insertion or in the step of extraction.

It should be noted that the first operating configuration of
the tool corresponds to the first operating configuration of the
fingernail shaped member and the second operating configu-
ration of the tool corresponds to the second operating con-
figuration of the fingernail shaped member.

Preferably, the tool is kept in the first or in the second
operating configuration by elastic means.

Preferably, the movement of the removal tool from the
second operating configuration to the first occurs automati-
cally according to an interaction between the second end of
the tool and the tyre bead.

More specifically, the movement of the removal tool from
the second operating configuration to the first occurs by effect
of'the force applied to the tool by the tyre bead grasped by the
tool itself (in the step of grasping and extraction), or by effect
of' the tyre bead ceasing to apply force on the tool (this force
being applied in a direction of closing the fingernail shaped
member against the action of the elastic means) during the
step of inserting the tool between the wheel rim and the tyre.

As regards the operating position of the removal tool (rela-
tive to the wheel), the following applies.

Preferably, the tool is kept in the first operating position by
elastic means.

Preferably, the movement of the removal tool from the first
operating position to the second occurs automatically accord-
ing to an interaction between the second end of the tool and
the tyre bead.

More specifically, the movement of the removal tool from
the first operating position to the second occurs by effect of
the force applied to the tool by the tyre bead towards the axis
of the wheel rim.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the invention will become more
apparent from the following detailed description of a pre-
ferred, non-limiting embodiment of it, with reference to the
accompanying drawings, in which:

FIG. 1 schematically illustrates a tyre removing machine
according to this invention;

FIG. 2 illustrates a removal tool according to the invention,
in a first operating configuration;

FIG. 3 illustrates the tool of FIG. 2 in a second operating
configuration;

FIG. 4 is a cross section of the tool of FIG. 2 interacting
with a wheel, in a preliminary positioning step;

FIG. 5 illustrates the tool of FIG. 4 in a step of insertion;

FIG. 6 illustrates the tool of FIG. 4 in a step of grasping the
bead;

FIG. 7 illustrates the tool of FIG. 4 in a step of extraction;

FIG. 8 illustrates an enlargement of the detail labelled A in
FIG. 6;
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FIG. 9 illustrates the tool of FIG. 4 in a step of advanced
extraction;

FIG. 10 illustrates the detail of FIG. 9, according to a
variant embodiment;

FIG. 11 illustrates the detail of FIG. 10, in an enlarged view
and with the tool in a different position relative to the tyre;

FIG. 12 illustrates the detail of FIG. 11, where the removal
tool is not deformable.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The numeral 1 in the drawings denotes a tyre removing
machine according to this invention.

The tyre removing machine 1 comprises a frame 2.

The tyre removing machine 1 comprises an arm 3 con-
nected to the frame 2.

The tyre removing machine 1 also comprises a rotary sup-
port 4 for a wheel 5.

The rotary support 4 is configured in such a way as to allow
the wheel 5 to be locked to the rotary support 4 itself.

The rotary support 4 is connected to a drive motor (not
illustrated, of per se known type) to set the wheel 5 in rotation
about its axis X.

The wheel 5 comprises a rim 6 and a tyre 7. It should be
noted that the axis X of the wheel 5 is also the axis of rotation
of the rim 6 of the wheel 5.

In the example illustrated in FIG. 1, the rotary support 4 is
configured in such a way as to support the wheel 5 with the
axis X vertical (that is, perpendicular to the machine support-
ing surface, or parallel to the direction of the weight force).

The rotary support 4 might, however, be configured in such
away as to support the wheel 5 with the axis X oriented in any
way (for example, horizontal).

The arm 3 is movably coupled to the frame 2.

In the example illustrated, the arm 3 is movably connected
to a slider 8 which is slidable relative to a post 9 of the frame
2.

The tyre removing machine 1 also comprises a removal
tool 10 connected to the arm 3.

More specifically, the arm 3 has a first end 3a connected to
the frame 2 and a second end 3 connected to the removal tool
10.

More specifically, the removal tool 10 has a first end 10a
connected to the arm 3 (to the second end 36 of the arm 3) and
a second end 104.

It should be noted that the tyre removing machine 1 might
comprise further tools connected to the frame 2, such as, for
example, bead breakers 11.

The removal tool 10 comprises an elongate body 12.

More specifically, the body 12 is elongate along a longitu-
dinal direction L of principal extension of the body 12.

Also, preferably, the body 12 has a flattened form. More
specifically, the body 12 is flattened along a direction M
transversal to the longitudinal direction L, that is to say, the
body 12 is flattened substantially in a flattening plane sub-
stantially parallel to the direction L., meaning that the direc-
tion M is the direction perpendicular to L included in the
flattening plan

The body 12 has the form of a shaped rod.

Preferably, the body 12 is shaped in such a way that the first
end 12a and the second end 1254 are offset along a direction N,
transversal to the longitudinal direction L. Preferably, the
direction N is perpendicular to the direction M along which
the body 12 is flattened (that is, the direction N is perpendicu-
lar to the flattening plane).
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Preferably, the body 12 is shaped in such a way as to define
a double curvature (or example, an inflection.

In the example illustrated, the body 12 comprises:

a first stretch, proximal to the first end 124, located along

the longitudinal direction L. (of principal extension of
the body 12);

a second stretch, proximal to the second end 125, located
along the longitudinal direction L;

a third stretch, intermediate between the first stretch and
the second and joining these stretches, and inclined at an
angle to the first and second stretches (that is, to the
longitudinal direction L)).

Preferably, therefore, the first and second stretches are

substantially parallel.

Preferably, the angle of inclination of the third stretch of
the body 12 relative to the first stretch is between 15 and 45
degrees and, more preferably, is approximately 30 degrees.

According to the invention, the removal tool 10 has a
fingernail shaped member 13 which is movable between a
first operating configuration, where it projects in cantilever
fashion from the body 12 to define a hooked shape of the tool
10, and a second operating configuration, where it is tucked in
a lateral zone of the body 12, to give the tool 10 a hookless
shape, that is to say, a substantially tapered shape.

The fingernail shaped member 13 is connected to the sec-
ond end 125 of the body 12, to define a hook shaped end
portion of the tool 10, adapted to seize (grasp) and move
(extract from the rim 6) a portion of a bead 14 of the tyre 7.

The fingernail shaped member 13 is connected to a face
which is flattened (along the axis M) of the body 12 of the tool
10.

In light of this, it should be noted that the second end 125
of the body 12 has two flattened opposite faces. Of these
faces, one is an inside face facing in a direction towards the
first end 12a of the body 12 (which, as mentioned above, is
offset relative to the second end 125 along a direction N), and
one is an outside face facing in a direction away from the first
end 12a of the body 12

Preferably, the fingernail shaped member 13 is connected
to the first flattened face of the body 12 of the tool 10.

Preferably, in the second operating configuration, the fin-
gernail shaped member 13 is placed against the tool body 12.

Preferably, the fingernail shaped member 13 has a width
(that is an extension along the direction M) which is less than
a width of the body 12 in a zone of the body 12 (consisting of
the second end 126 of the body 12, that is, consisting of the
second stretch of the body 12 against which the fingernail
shaped member 13 is placed when in the second operating
configuration.

Preferably, the body 12 defines a cavity 15 for receiving at
least part of the fingernail shaped member 13, when the
fingernail shaped member 13 is in the second operating con-
figuration

The cavity is formed in the aforementioned zone of the
body 12 (consisting of the second end 1256 of the body 12, that
is consisting of the second stretch of the body 12).

That zone of the body 12 (where the cavity 15 is formed) is
located on the first flattened face of the body 12 of the tool 10.

Preferably, the fingernail shaped member 13 is pivoted to
the body 12 to rotate about an axis of rotation Y.

The axis Y about which the fingernail shaped member 13
rotates relative to the body 12 is perpendicular to the longi-
tudinal axis [ along which the elongate body 12 extends.

More specifically, the axis about which the fingernail
shaped member 13 rotates relative to the body 12 is parallel to
the direction M. that is, it is included in the flattening plane of
the body 12.
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The fingernail shaped member has a firstend 134a, hinged to
the body 12, and a free second end 134.

Preferably, the fingernail shaped member 13 is pivoted to
the body 12 at a portion (of the body 12) distal from the first
end 12a of the body 12. On the other hand, the free end 135 of
the fingernail shaped member 13 is relatively closer to the first
end 124 of the body 12 than the first end 134 which is hinged
to the body 12, when the fingernail shaped member 13 is in the
second operating configuration.

Preferably, the tool body 12 comprises a contact surface 16
against which the fingernail shaped member 13 abuts when it
is in the first operating configuration.

The contact surface 16 defines a mechanical constraint
which prevents movement of the fingernail shaped member
13 away from the first end 10a of the tool 10.

Preferably, the contact surface 16 is defined by an end wall
17 of the tool body 12, located on the tip of the second end 126
of the tool body 12.

The end wall 17 is substantially transversal to the longitu-
dinal direction L of extension of the body 12.

The first end 124 of the tool body 12 defines a socket 18 for
coupling to the arm 3.

The tyre removing machine 1 comprises movement means
for moving the fingernail shaped member 13 from the first
operating configuration to the second and/or vice versa.

Preferably, the removal tool 10 comprises movement
means for moving the fingernail shaped member 13 from the
first operating configuration to the second and/or vice versa.

These movement means preferably comprise a biasing ele-
ment (for example, an elastic, or magnetic, element) designed
to force the fingernail shaped member 13 to move to the first
operating configuration or to the second operating configu-
ration.

Preferably, the movement means comprise a spring 19
interposed between the fingernail shaped member 13 and the
tool body 12.

Inthe example of FIG. 2, the spring 19 is configured to keep
the fingernail shaped member 13 in the first operating con-
figuration when no external forces are applied to the finger-
nail shaped member 13. In the example of FIG. 3, the spring
19 is configured to keep the fingernail shaped member 13 in
the second operating configuration when no external forces
are applied to the fingernail shaped member 13.

The movement means might also (in variant embodiments
not illustrated) comprise an actuator (pneumatic or electro-
mechanical).

The tool 10 might also (in variant embodiments not illus-
trated) be made at least partly of a smart material, such as a
shape memory material hi light of this, this material is con-
figured to allow the tool 10 to be deformed from a first
operating configuration, where it has a hooked shape, to a
second operating configuration, where it has a tapered (hook-
less) shape

Thus, generally speaking, the tool 10 is reversibly (and
preferably automatically) deformable from the first operating
configuration, where it has a hooked shape, to the second
operating configuration, where it has a tapered (hookless)
shape.

In light of this, the first operating configuration of the tool
10 corresponds to the tool 10 with the fingernail shaped
member 13 in the first operating configuration, whilst the
second operating configuration of the tool 10 corresponds to
the tool 10 with the fingernail shaped member 13 in the
second operating configuration.

Operatively, the fingernail shaped member 13 (that is, the
hook shaped portion of the tool 10) faces in a radial direction
opposite to the axis X of the wheel 5.
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The removal tool 10 might also be rigidly connected to the
arm 3 (an example of this solution is illustrated in FIG. 9).

Preferably, the removal tool 10 is rotatably connected to the
arm 3 (an example of this solution is illustrated in FIGS.
10-12).

It should be noted that each of these two methods of con-
necting the tool 10 to the arm 3 is compatible with all the other
features described for this invention.

It should be noted that the assembly made up of the arm 3
and the removal tool 10 connected thereto constitutes a
removal device 20 (for the tyre removing machine 1, connect-
able to the frame 2 of the tyre removing machine 1 itself).

Preferably, the removal tool 10 is hinged to the arm 3 at a
single hinge point.

Preferably, this hinge point (between the removal tool 10
and the arm 3) is fixed relative to the arm 3.

The kinematic connection between the removal tool 10 and
the arm 3 (that is, the hinge) is configured to allow the tool 10
to osculate between a first operating position arid a second
operating position.

Preferably, the tyre removing machine 1 (that is, the
removal device 20) comprises biasing means acting on the
tool 10 to force it to move to the first operating position when
no external forces are applied to the tool 10.

Thus, the biasing means are means for moving the removal
tool 10 relative to the arm 3.

More specifically, the biasing means comprise a spring (or,
alternatively, a magnet or similar means).

In the example illustrated, the tool 10 is pivoted to the arm
3 at a pivot point 21.

The biasing means in the example illustrated, comprise a
presser element 22 (pusher) operating on a protrusion 23 of
the tool 10 located (at the first end 10a of the tool) in such a
way that the pivot 21 is interposed between the protrusion 23
and the second end 104 of the tool 10.

The pusher 22 (for example, a spring which works by
compression) applies a force in a direction away from the
second end 105 of the tool 10.

Preferably, the arm 3 is movable relative to the machine
frame 2 to move along a direction parallel to the axis X of the
wheel 5, which is mounted on the rotary support 4, and in a
plane perpendicular to that direction (by translation, rotation
or roto-translation in the selfsame plane).

Operatively, the tyre removing machine 1 according to the
invention works as described below.

First the wheel 5 is mounted on the rotary support 4.

In a preliminary positioning step, the arm 3 is moved until
the removal tool 10 is positioned near the tyre 7 of the wheel
5, ata zone bordering on the edge 6a of the rim 6 of the wheel
5 (for example at a distance of 1 or 2 centimeters from the
edge 6a of the rim 6, measured radially).

The tool is then inserted between the edge 6a of the rim 6
arid the bead 14 of the tyre 7.

In the step of insertion, the tool 10 is kept in the first
operating position (where it is parallel to the axis X of the
wheel or inclined at an angle towards the inside of the rim 6.

The step of insertion comprises moving the tool 10 (by
moving the arm 3) towards the wheel 5.

This movement preferably occurs along a direction parallel
to the axis of the wheel.

Next, the tool 10 (that is, the arm 3) is moved away from the
wheel 5 (that is, away from the bead 14 opposite the bead
which is interacting with the removal tool 10).

This movement, too, preferably occurs along a direction
parallel to the axis of the wheel.
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During this movement, when the second end 105 of the tool
comes into contact with the bead 14, the fingernail shaped
member 13 is positioned in the first operating configuration.

During the step of insertion, on the other hand, the finger-
nail shaped member 13 is positioned in the second operating
configuration.

Preferably, the passage from the first operating configura-
tion to the second is automatic.

The passage occurs after the tool 10 has moved towards the
wheel 5 during the step of insertion, if the first operating
configuration is the only stable configuration (in the absence
of'external forces). The passage occurs when the tool 10 starts
moving away from the wheel 5 during the interaction with the
bead 14 of the tyre 7 if the second operating configuration is
the only stable configuration (in the absence of external
forces).

The interaction of the tool 10 with the bead 14 of the tyre 7
during the movement of the tool 10 away from the wheel 5
causes the bead 14 to be grasped by the second end 105 (hook
shaped) of the tool 10.

After that, the tool 10 continues to move away from the
wheel 5, whilst a portion of the bead 14 is grasped by the
second end 105 (hook shaped) of the tool 10, until that portion
of the bead 14 is in an extracted position, that is, outside the
rim 6, over the edge 6a of the rim 6.

In this extracted position, the tool 10 moves automatically
to a position close to the axis X of the rim.

In light of this, the tool 10 preferably moves automatically
to a position where it is inclined at an angle towards the
outside of the rim 6 and, preferably, the arm 3 (that is, the first
end 10a of the tool 10) moves towards the axis of rotation X
of the wheel 5, to contribute to relieving the bead 14 of the
mechanical stress applied to it.

As regards the position ofthe tool 10 close to the wheel axis
X (in order to relieve the stress from the bead which has been
grasped and extracted from the rim), it should be noted that in
the variant embodiment where the removal tool 10 is rigidly
connected to the arm 3 (as in the example illustrated in FIG.
9), the tool 10 has a single operating position relative to the
arm 3 (preferably the tool is positioned parallel to the axis X
of'the wheel 5, that is, of the rim 6).

Also, In light of this, it should be noted that during removal
(in particular, in the steps of insertion and extraction) the tool
10 might be moved by moving the tool 10 relative to the arm
3 without (necessarily) moving the arm 3. In this case, the
movement of the tool 10 and of the arm 3 is accomplished as
described in patent document EP1593533, in the name of the
same Applicant as this invention and incorporated herein by
reference.

After extracting the bead 14 (and positioning it in the
position where it is close to the axis) X of the wheel 5), the
rotary support 4 is operated in order to set the wheel 5 in
rotation about its axis X, until the bead 14 grasped by the tool
10 is extracted completely from the rim 6.

What is claimed is:

1. A removal tool (10) for a tyre removing machine (1), for
taking off a tyre (7) from a respective wheel rim (6), compris-
ing an elongate body (12) and having a first end (10a) which
is connectable to a supporting arm (3) and a second, hook-
shaped end (105) for grasping a bead (14) of the tyre (7),

wherein the second end (105) of the tool (10) has a finger-

nail (13) which is movable between a first operating
configuration, where it projects in cantilever fashion
from the tool body (12) to define the hooked shape, and
a second operating configuration, where it is tucked in a
lateral zone of the tool body (12), to give the tool (10) a
hookless shape.
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2. The removal tool (10) according to claim 1, wherein the
fingernail (13), when it is in the second operating configura-
tion, is placed against the tool body (12).
3. The removal tool (10) according to claim 2, wherein the
fingernail (13) has a width which is less than that of a zone of
the body (12) against which it is placed when it is in the
second operating configuration.
4. The removal tool (10) according to claim 2, wherein the
tool body (12) defines a cavity for receiving at least part of the
fingernail (13) when the latter is in the second operating
configuration.
5. The removal tool (10) according to claim 1, comprising
movement means for moving the fingernail (13) from the first
operating configuration to the second and/or vice versa.
6. The removal tool (10) according to claim 5, wherein the
movement means comprise an elastic element (19).
7. The removal tool (10) according to claim 1, wherein the
fingernail (13) is pivoted to the tool body (12) to rotate about
an axis of rotation (Y).
8. The removal tool (10) according to claim 7, wherein the
fingernail (13) is pivoted to the tool body (12) at a portion of
the tool body (12) which is proximal to the second end (125)
thereof, the free end of the fingernail (13) being at a position
which is distal from the second end (1256) of the body tool (12)
when the fingernail (13) is in the second operating configu-
ration.
9. The removal tool (10) according to claim 1, wherein the
tool body (12) comprises a contact surface (16) against which
the fingernail (13) abuts when it is in the first operating
configuration, defining a mechanical constraint which pre-
vents movement of the fingernail (13) away from the first end
(10q) of the tool (10).
10. A tyre removing machine (1) comprising:
a rotary support (4) for a wheel (5);
an arm (3) having a first end (3a) which is movably con-
nected to a frame (2);

a removal tool (10) connected to a second end (35) of the
arm (3), wherein the removal tool (10) is a removal tool
(10) according to claim 1.

11. The tyre removing machine (1) according to claim 10,
wherein the removal tool (10) is rotatably connected to the
arm (3) at a single hinge point which is fixed relative to the
arm (3), so as to oscillate between a first operating position
and a second operating position, and comprising elastic bias-
ing means (22) operating on the tool (10) in such a way as to
force it to move to the first operating position when there are
no external forces applied to the tool (10).
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12. A method for removing a tyre (7) from a corresponding
rim (6) of a wheel (5), using a tyre removing machine (1)
equipped with a rotary support (4) for the wheel (5), an arm
(3) having a first end (3a) which is movably connected to a
frame (2), and a removal tool (10) having a first end (10a)
which is connected to a second end (35) of the arm (3), the
method comprising the following steps:
inserting at least a second end (104) of the tool (10)
between an edge (6a) of the rim (6) and abead (14) ofthe
tyre (7);

extracting the bead (14) of the tyre (7) from the rim (6);

rotating the rim (6) about its axis (X) while keeping the arm
(3) in a position where the bead (14) of the tyre (7) is
extracted from the rim (6), wherein between the step of
insertion and the step of extraction, the second end (105)
of the tool (10) is deformed from a second operating
configuration, where it is tapered, to a first operating
configuration, where it is hook shaped.

13. The method according to claim 12, wherein the defor-
mation of the second end (105) of the removal tool (10) from
the second operating configuration to the first occurs auto-
matically by interaction between the tool (10) and the bead
(14) of the tyre (7) in the step of insertion or in the step of
extraction.

14. The method according to claim 12, wherein the
removal tool (10) comprises an elongate body (12), having a
first end (12a) and a second end (125) corresponding to the
first end (10a) and the second end (104) of the tool (10), and
a fingernail (13) pivoted to the second end (124) of the body
(12), in such a way as to be movable between a first operating
configuration, where it projects in cantilever fashion from the
tool body (12) to define the hooked shape, and a second
operating configuration, where it is folded onto the body (12),
to give the body (12) its hookless shape.

15. The method according to claim 12, wherein the
removal tool (10) is hinged to the arm (3) to oscillate relative
to it between a first operating position, where the step of
insertion is in progress, and a second operating position,
where the step of extraction is in progress, and wherein the
tool (10) is kept in the first operating position by biasing
means (22), and wherein the movement of the tool (10) from
the first operating position to the second occurs automatically
by effect of a force applied to the tool (10) by the tyre (7) bead
(14) in the extracted position.
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